Abstract : There are local renin-angiotensin systems (RAS) in region such as the kidney and heart, and that dysfunction of these systems may lead to changes in the regulation of blood pressure. Recently, it is likely that an all components of the RAS are present in the brain, and local production of angiotensin peptides has been shown in several brain areas Stimulation of brain RAS leads to increases in blood pressure, attenuation of the baroreceptor heart-rate reflex, stimulation of drinking, and release of various hormones including vasopressin.
Introduction

Nucleus tractus solitarius (NTS)
Nucleus tractus solitarius (NTS) plays a major role in the regulation of cardiovascular, respiratory, gustatory, hepatic and swallowing functions [1] [2] [3] .
This nucleus receives primary afferent input from a wide variety of peripheral organs and tissues and is essential in integration of autonomic nervous system functions. In accordance with the numerous integrative functions mediated by the NTS, over 30 neurotransmitter/neuromodulators have been found in both cell bodies and terminals within the NTS 2) .
Located in the dorsomedial aspect of the medulla oblongata, the NTS plays a pivotal role in reflex control of autonomic homeostasis 4, 5) . The NTS appears not to be a simple relay nucleus, rather it performs complex integration of information from multiple synaptic inputs of both peripheral and central origins [6] [7] [8] . Understanding the NTS and its role provides an opportunity to reveal mechanisms of integration and modulation in the central nervous system (CNS). 4 
Cardiovascular regulatory mechanisms via NTS
The baroreflex is the main sensory mechanism involved in the central neuronal control of the circulation and NTS is the site of the first synapse of baroreceptor afferents in the CNS 9) . NTS is an important synaptic station of the cardiopulmonary vagal afferents in the central nervous system and plays a key role in the modulation of the autonomic efferent activity to the cardiovascular system [10] [11] [12] .
The baroreceptors are stimulated by distention of the structures in which they are located, and so they discharge at an increased rate when the pressure in these structures rises. Their afferent fibers pass via the glossopharyngeal nerves ( ) and vagus nerves ( ) to the medulla. Most of them unite in the NTS. There are also excitatory projections, probably polyneuronal, from the NTS to the vagal motor neurons in the dorsal motor nucleus and the nucleus ambiguous. Thus increased baroreceptor discharge inhibits the tonic discharge of the vasoconstrictor nerves and excites the vagal innervation of the heart, producing vasodilation, venodilation, a drop 5 in blood pressure, bradycardia and a decrease in cardiac output.
Cardiac primary afferents running in the sympathetic nerve, especially finely myelinated A -and unmyelinated C-fiber afferents, are considered to be the essential pathways for transmission of cardiac nociception to the central nervous system [13] [14] [15] . Axonal tracing studies have shown that cardiac sympathetic afferents project to the dorsal horn of the upper thoracic spinal cord through the stellate ganglia and the sympathetic chain 13,16) .
Stimulation of cardiac afferents excites neurons in the spinal ascending pathways, such as those located in the spinothalamic tract 17) . The vasomotor neurons in the rostral ventrolateral medulla (RVLM) provide critical excitatory output to the preganglionic sympathetic neurons 18, 19) . Stimulation of NTS neurons typically modulates sympathetic outflow through excitation of neurons in the caudal ventrolateral medulla, which, in turn, inhibits vasomotor neurons in the RVLM 10, 20, 21) .
Taste pathways via NTS
Sapid tastants depolarize taste receptor cells in the tougue 22) . The sensory 6 nerve fibers from the taste receptor cells on the anterior two-thirds of the tongue travel in the chorda tympani of the facial nerve ( ), and those from the posterior one-third of the tongue reach the brain stem via the glossopharyngeal nerve ( ). The fibers from areas other than the tongue reach the brain stem via the vagus nerve ( ). On each side, taste fibers in these three nerves unite in the gustatory portion of the NTS 23, 24) , where the initial processing of taste quality and intensity occurs. From there, axons of second-order neurons ascend in the ipsilateral medial lemniscus and pass directly to the ventral posteromedial (VPM) nucleus of the thalamus. From the thalamus, the axons of the third-order neurons pass in the thalamic radiation to the face area of the somatosensory cortex in the ipsilateral postcentral gyrus. They also pass to the anterior part of the insula.
NTS neurons in swallowing
Swallowing is a reflex response that is triggered by afferent impulses in the trigeminal nerve ( ), glossopharyngeal nerve ( ) and vagus nerve ( ). 
Ionic channels in NTS
Multiple ionic channels are known to be involved in the regulation of neuronal excitability 40, 41 and non-selective cation channel 50) .
Voltage dependent Ca 2+ channels (VDCCs)
Historically, VDCCs were first identified in crustacean muscle by Fatt and 
Signal pathways of Angiotensin receptors
The effects of Ang on cell signaling and ionic homeostasis have been documented e xtensively in many cell types 64) . In muscle cells, Ang stimulates phospholipase C (PLC), the production of inositol 1,4,5 trisphosphate (IP3) and diacylglycerol (DAG), and the mobilization of [Ca 2+ ]i 65) . In neurons, one of the better characterized pathways involves activation of phosphoinositide and increased Ca 2+ release from intracellular stores 66) .
The increase in Ca 2+ then leads to activation of a wide variety of pathways that mediate the short-and long-term effects of Ang 64) .
Angiotensin modulate VDCCs in NTS-Physiological relevance
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In NTS, author demonstrated that Ang facilitated L-type VDCCs via G i-proteins involving Src tyrosine kinase and p38 mitogen-activated protein kinase (MAPK) kinase mediated by AT1 receptors 67) . Additionally, Wang et al. 68) have demonstrated that NADPH oxidase-derived reactive oxygen species (ROS) are involved in Ang -induced facilitation of L-type VDCCs in NTS (Fig. 1 ).
Ang -induced facilitation of L -type VDCCs might be regulation of Ca 2+ -dependent enzymes, in particular, transcription factors 69) . L -type
VDCCs have been linked to not only somal action potentials, but also the activation of Src, the modulation of receptor-linked Protein Tyrosine Kinase 70) , and gene expression, including synthesis of ion channels 71, 72) . During differentiation, L-type VDCCs-mediated Ca 2+ influx is essential for neurite outgrowth, synapse formation, survival, and the shift to the mature action potential profile. Developmentally, Ca 2+ influx would be expected to trigger influx-dependent cellular differentiation 73) and, because early action potential activity has been linked to establishing neuronal circuits 74) , 
